Five patients with paroxysmal nocturnal haemoglobinuria and thrombotic complications under oral antithrombotic treatment with vitamin K antagonist were switched to receive the direct oral anticoagulant rivaroxaban an factor Xa inhibitor. In all five patients haematological and biochemical parameters and adverse events were evaluated for a period of twelve months. Therapy with rivaroxaban was well tolerated in all cases and one patient showed a significant reduction of bleeding and transfusion requirement. All patients obtained a significant reduction in days of hospitalization with a consequent improvement in their quality of life after rivaroxaban treatment.
Paroxysmal nocturnal haemoglobinuria (PNH) is a rare acquired clonal disorder of hematopoietic cells characterized by a defect in the glycosylphosphatidylinositol (GPI) anchored molecules due to a somatic mutation in the X linked PIG-A gene. This leads to a partial or complete absence of two complement inhibitor GPI-linked proteins, particularly CD59 and CD55, from the membrane of the circulating cells, causing the activation of the complement system on red cells surface and intravascular haemolysis [1] .
In addition to intravascular haemolytic anaemia, PNH is characterized by hypercoagulable state and bone marrow aplasia. The hypercoagulable state is responsible for life-threatening venous thrombosis generally arising in hepatic, intra-abdominal, cerebral and extremity veins and these thrombotic complications represent the most common cause of death in patients with PNH [2] .
Prophylactic anticoagulant treatment seems capable of improving survival and morbidity [3] . Moreover, eculizumab seems able to prevent thrombosis as an indirect effect on intravascular haemolysis [4] and to reduce the activation of coagulation [5] .
We report the outcome of haematological and biochemical parameters, recurrence of thrombotic and bleeding events in five patients (Males = 1, Females = 4, mean age 47.4 years) with PNH and thrombotic complications evaluated for a period of twelve months both during warfarin, a vitamin K antagonist (VKA), and rivaroxaban treatment. Moreover, the assessment of occult blood in the stool was performed monthly in all five evaluated patients. These five patients were being treated with the monoclonal antibody eculizumab administered every 15 days during the both VKA and rivaroxaban treatment.
Two patients received rivaroxaban at dosage of 15 mg per day for previous bleeding complications observed during the treatment with warfarin. The remaining three patients received rivaroxaban at a dosage of 20 mg per day.
The quantitative determination of rivaroxaban concentrations was assessed after 3 months of therapy using an anti-factor Xa chromogenic assay (Biophen DiXal, Hyphen Biomed, France). Patients who received rivaroxaban 15 mg per day showed, after 20 h from the drug administration, a concentration of 10 and 14 ng/mL, respectively. The remaining three patients who received 20 mg per day of rivaroxaban treatment had, after 20 h from the drug administration, concentrations of 17, 27 and 41 ng/mL, respectively. Therefore two patients received a reduced dosage of rivaroxaban which, however, can be utilized at this lower dose in patients with high risk of haemorrhagic complications or impaired renal function.
Since thrombotic complications occur frequently in unusual sites in patients with PNH, as reported in Table 1 , and rivaroxaban has no indication to be used in cerebral, caval or portal vein thrombosis, we used, in this study, the new oral direct anticoagulant in off label indications.
Haemoglobin levels and haematocrit values were stable during the 12 months of rivaroxaban treatment (Table 1 ). None out of five patients with PNH discontinued the therapy with rivaroxaban for the occurrence of both thrombotic or bleeding events. Patients one (Table 1) is a young female patient with PNH and thrombotic complication who after the beginning of anticoagulant treatment with warfarin showed major bleeding due to severe menorrhagia that required red blood cell concentrates transfusion even if the PT INR value was in the established range. In this patient the administration of rivaroxaban instead of warfarin led to a significant reduction in haemorrhagic complication and transfusion requirement with a significant improvement in her quality of life.
It is important to consider that patients with PNH are forced to have a high number in days of hospitalization per month in order to monitor the haematological parameters, to receive eculizumab therapy and to check the anticoagulant treatment with VKA. The five patients on therapy with rivaroxaban showed a significant reduction in days of hospitalization per months due to reduced controls for follow-up of the new antithrombotic treatment ( Table 1 ).
The quality of life (QOL) total score and the QOL scores for each domain was determined in four out of Haemoglobin (gr/dL) 13.3 ± 0.6 13.6 ± 0.9 n. s. 10.9 ± 0.3 10.5 ± 0.2 n. s. 9.9 ± 2.5 9.8 ± 2.4 n. s.
Haematocrit (%) 39.9 ± 1. Reported data are the mean values and standard deviations of the evaluated parameters performed every month for twelve months during the treatment with warfarin (W) and rivaroxaban (R) Statistical analysis was performed using Student's t-test. Significant level was set to p < 0.05. n. s. = not significant our five patients according to WHOQOL-BREF questionnaire [6] since one patient refused the interview ( Table 2) . As for as the quality of life is concerned, the total WHOQOL score was higher after rivaroxaban therapy than before it, similarly scores for the physical (7 items), psychological (6 items), social relationship (3 items) and environment (8 items) domains. As concerns the physical and psychological domains the increase in QOL due to rivaroxaban was statistically significant. After twelve months of therapy with rivaroxaban all patients with PNH refused to resume the previous treatment with VKA. The anticoagulant therapy in patients with PNH is particularly complex since these patients can develop the aplastic anemia with consequent thrombocytopenia which increases bleeding risk above all in patients under antithrombotic treatment. In addition, the multi-drugs therapy in patients with PNH interferes with the management of antithrombotic therapy, although the thrombosis prophylaxis and treatment are mandatory for these patients.
Until now, the experience on the use of direct oral anticoagulant drugs in patients affected by PNH is low and therefore, we suggested to discuss the use of these new drugs in these specific patients.
Rivaroxaban is an orally active direct Factor Xa inhibitor, which demonstrated to be effective in the prevention of venous thromboembolism after orthopedic surgery [7] . For people with non-valvular atrial fibrillation rivaroxaban was non-inferior to warfarin to prevent stroke or embolism, with significant reduction in intracranial haemorrhage and fatal bleeding [8] . Rivaroxaban can be given in fixed doses and without routine anticoagulant monitoring offering a less complex therapeutic regimen for patient. The new direct oral anticoagulant drugs, anti FIIa and FXa (Dabigatran, rivaroxaban, apixaban, and edoxaban) are effective in the prophylaxis and treatment of deep vein thrombosis and pulmonary embolism with a low incidence of severe haemorrhagic complications respect to VKA. In addition, recently low dose of rivaroxaban instead of the classical dosage was effective in reducing recurrent venous thromboembolism among patient who were in equipoise for continued anticoagulation without to modify bleeding risk [9] . In agreement with these data, it is interesting to note that the two patients with PNH who received a lower dose of rivaroxaban (15 mg per day) did not have thrombotic complications and did not interrupt the therapy for the occurrence of adverse events during twelve months of treatment.
These results suggest that rivaroxaban at the standard dose or at the low dose could have a role in selected patients with a high risk to develop bleeding complications during the treatment with antithrombotic drugs such as patients affected by PNH.
The improvement in the quality of life observed in our patients with PNH, who know very well the characteristics of their disease, seems to be due to the awareness that rivaroxaban therapy reduces significantly both severe bleeding complications and days of hospitalization.
In conclusion this report suggests that rivaroxaban therapy appears to be effective and safe in the treatment of patients with PNH. Moreover, rivaroxaban was able to ameliorate the quality of life in these specific patients. However, further studies are needed to better evaluate the role of new direct oral anticoagulants in patients with PNH. 
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